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•  40  year  history  beginning  from  ground  breaking  work  in  optical  fibers 

•  Now  the  largest  group  in  UK  (170  staff  /  PhD  students,  65  labs) 

•  Generates  -50%  of  our  Universities  Intellectual  Property 

•  Extensive  international  industrial  and  University  links 

•  A  worldwide  alumni  of  600  staff  many  in  senior  positions 

•  A  photonics  cluster  of  11  companies 

•  270  Publications/ 11  Patents  per  year 

•  50  Invited  /  Plenary  talks  per  year 

•  Staff  includes  3  Fellows  of  the  Royal  Society 
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•  Raw  materials 

•  Reactive  gas  conversion 

•  Chemical  vapour  deposition 
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What  is  a  Chalcogenide? 

-  From  Greek  sulphur-loving  for  elements  that 
frequently  bond  to  sulphur 

-  Seen  in  various  forms:  crystalline,  single 
crystal,  quantum  dots,  phosphors,  ceramics 

Typical  Amorphous  Compositions 

-  As-S,  As-S-Se,  Ge-Sb-Te 

-  Predominately  As  or  Se  based  (toxic!) 

ORC  Research  Focussed  On 

-  Gallium  Lanthanum  Sulphides  (non-toxic) 

-  Germanium  Sulphides  (non-toxic) 

-  Capability  to  melt  any  glass  composition  exists 
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•  Wide  range  of  horizontal  and  vertical  tube  furnaces,  chamber  furnaces, 
high  and  low  temperature  ovens,  vacuum  processing 


•  Processing  in  dry  nitrogen,  argon,  oxygen,  SF6,  hydrogen  and  hydrogen 
sulphide 

•  Speciality  heating  including  rapid  thermal  annealing  and  RF  induction 


Glass  Melting  -  Sealed  Ampoule  Melting 


Typically  used  for  compounding  elements,  eg.  Ge,  Se,  Te,  Sb8 


CIHJSM  HF20 

Up  to  20  kW  output 
50-150kHz 
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•  Clean,  precise,  controllable  heating 

•  Custom  design,  interchangeable  coils 

•  Flexible,  we  configure  the  furnace  to  our  needs 


CHELTENHAM 
INDUCTION  HEATING 


How  Not  to  Melt  Glass 


Optoelectronics 
Research  Centre 


Optoelectronics 
Research  Centre 


Raw  Materials  are  Critical! 


•  Ga-La-S-0  samples  prepared  with  mateirals  sourced  from  different  manufacturers. 

•  Melting  conditions  were  identical. 
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Fig.  3.  TTT  diagrams  of  (a)  GLS  and  (b)  GLSO  glasses  during 
isothermal  treatments.  Viscosity  data  of  super  cooled  liquid 
states  is  also  shown  in  these  figures. 


Kig.  5.  Transmission  optical  micrograph  of  the  GLSO  glass 
treated  at  700  C  for  1  h. 
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Te 


•  100  samples  GST  alloys  studied 

•  Each  melted  in  sealed  ampoules 

•  Composition  individually  analyzed 

•  Melting  temperature  by  DTA 

•  Tg  and  crystallization  by  DSC 

•  Crystalline  phases  by  XRD 

Time  Scale:  several  months? 


P.  Lebaudy  et  al,  “Identification  of  amorphous  zones  in  the  GeTeSb  system”, 
Materials  Science  and  Engineering  A132  (1991)  273-276 
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Primary  Screening 

2  -  3  days 

Time  Scale:  one  week 

Presented  at  EPCOS  '05  Cambridge  Sep  2005 
R.E.Simpson,  D.W.Hewak,  S. Guerin,  B. Hayden, 

G.  Purdy,  “High  throughput  synthesis  and  screening  of 
chalcogenide  materials  for  data  storage” 
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Pioneering  Technology:  High  Throughput  Physical  Vapour  Deposition 
Material  Discovery  Times  accelerated  by  a  factor  of  10  - 100 


High  Throughput  Deposition 


Shutter  over  each  target  ensures 
reproducible  and  reliable  “wedge” 
which  combined  gives  a  desired  gradient 
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Ag  doped  Ge~S  glass 
channel  waveguides 
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Optical  Fibre  Results 
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Comparison  of  GLS  fibre  with 
Commercial  Arsenic-based  fibre 
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Active  Devices 

•  Mid-IR  sources 

•  Microspheres 

•  Emerging  technologies 
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T.  Schweizer,  Rare-earth-doped  Gallium  lanthanum  sulphide 
glasses  for  mid-infrared  fibre  lasers  (University  of  Southampton, 
2000) 
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'.Vavelenglh  mmj 

Fig.  G  Emission  from  the  two  lowest  Nd3-  levels.  j  (a)  aod  "In  i  (b):  io  1.5  aiol^'n 

Nd;S;  doped  GLS  glass  pumped  at  §15  nm  with  a  Tiisappaire  laser  and 
measured  with  a  300-mm  monochromator  and  a  liquid  nitrogen  cooled  InSb 

detector 
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Fiz.  5  hod -infrared  Emission  a)  ficm  die  %  level,  b)  from  ie  %  level, 
and  c)  nom  lie  ^1^  level  in  Hd(1.5H):GL$  pumped  at  G.76  LLm 
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Fiz.  3  Overlapping  emission  at  2.0  and  2.2  Jin  fi/con  the  %  and 
tie  %  level:  m  Ho(1.5%):GLS  pumped  at  0.76  pm. 

a)  continuous  wave  pump  laser 

b)  pm ip  Laser  chopped  at  40C  Hz 
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Fig.  7  Uncomected  fluareacenjoe  spectra  of 

a)  Thj(1.5%):GLS  glass  pumped  at  0.7  ^.tn 

b)  T LtnJ  ] . 5 %) . Tb( Ll . 2 %) :  GL S  glss:  pumped.  z.t  0.7  Urn 

c)  Tcls ( 1 . 5%}3TIh[0 . 2%)  GI5  glass  pumped  at  2  j.-.oi 
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Tm3+  and  Er3+ 
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Waveienglh  (Lin) 


Fluorescence  spectra  of  1.57  mol%  Er"  doped  GLS  glasses  and  fibres 

a)  2.0  um  and  2.75  am  emission  from  3.0  cm  of  270  Pim  diameter  fibre  pumped 
with  60  mW  at  660  nm 

b)  3.6  um  emission  from  S.6  cm  of  270  pm  diame:er  fibre  pumped  v.ith  70  mW  at 
660  nm 

c)  4.5  um  emitiioD  from  a  biiLk  gla^  sample  pumped  with  570  mW  at  £10  run 
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Wavelength  (urn} 


Pig.  3.4.4  Emission  from  three  lower  ?r  ~  levels: 

a)  Fluorescence  from  2  m  long.  500  ppm  PrJ_  doped  GLS  fibre  pumped  with. 
1 .064  pm  Kd:YAG  laser  and  absorption  spectrum 

b)  Fluorescence  from  2000  ppm  P:3  doped  GLS  bulk  glass  pumped  with 
2  iim  Tm:YAG  laser 
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Direct  Emission  Mid-IR  Lasers 

Research  Contract  from  UK  Laser  Coalition 
DSTL,  Qinetiq,  BAe  Systems,  Selex 
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Microsphere  diameters  500  nm  to  500  pm 


Sphere  Sorting 
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Microsphere  Characterization 
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Computer 
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Microsphere  on  Teflon-coated 
silver-sod i  urn-ion  planar  waveguide 


Quality  Factor:  Q  where  1/Q  =  l/Qmaterial  +  1/Qsurface  +  1/Qcurvature  +  1/Qcoupling 


Qpredicted  =  ~  4  X  109 
Qmeasured  =  8  X  104 


Gregor  R.  Elliott,  Daniel  W.  Hewak,  G.  S.  Murugan,  and 
James  S.  Wilkinson,  “Chalcogenide  glass  microspheres; 
their  production,  characterization  and  potential”,  Optics 
Express,  Vol.  15,  Issue  26,  pp.  17542-17553 
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Fluorescent  spectrum  from  GLS  microsphere  doped  with  i.smol%  Nd.  Inset,  close  up  on  WGM. 
This  measurement  was  taken  using  a  fibre  coupled  microsphere. 
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(19)  United  States  Research  Centre 
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First  ever  defence  application 


Courtesy  of  Prof  M.  Zervas 
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Characteristics  of  Microsphere  Lasers 


•  Extremely  low  threshold 

•  Simple,  robust  cavity,  easily  fabricated 

•  Integratable  with  planar  or  fibre  technology 

•  Potential  for  new  wavelengths  in  IR 
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Application  of  Phase  Change  in 
Nanophotonics 
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•  Plasmonics 

•  Metamaterials 


http://www.nanophotonics.org.uk/ 


Active  Plasmonics 
...  The  Concept 
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Switchable  domain 
Dielectric  i - 1 


Metal 


short-range  atomiEnarisrient  eH^al1(^es1gp£^P^«v€g^KlHde  properties 

Low  free  electron  ^j^0|  sppW^jJg^ilf^n  density 
High  activation  energy  •  Low  activation  energy 

High  resistivity  APL84,  1416  Q-QQ^iesistivity 
Transparent  ‘Opaque 


Ga-La-S  Plasmonics 

Ge-Sb-Te  (GST)  unsuitable  for  plasmonics 

-  high  index 

-  highly  absorbing) 

Ga-La-S  is  much  better: 

-  transparent  above  ~700  nm 

-  High  damage  threshold 

-  Easily  polished  and  coated 

-  non-toxic 

Reflectivity  (p-polarization) 
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Resonance  switching 


Nonlinear  Medium 
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Fabry-Perot  Resonator 


Can  we  switch  our  metamaterials? 


Planar  Metamaterial 
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Chalcogenide  metamaterial 
Electro-optic  modulator 
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Control 

(Induces  change  An  and/or  Ak) 


Gallium  Lanthanum  Sulphide: 

•  Optically/electrically-induced 
threshold  switching:  amorphous  - 
crystalline 

•  Transmission  contrast  4:1  in  a  device 
only  V3  of  a  wavelength  thick. 

•  Operational  band  tuneable  by  design 
across  VIS-IR  range 


Samson,  et  ai,  Appl.  Phys.  Lett.  96,  1 431 05  (201 0) 


Concluding  Remarks 
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•  Purify,  purify,  purify 

•  Don’t  (always)  blame  the  composition 

•  Consider  other  geometries,  emerging  technologies 

•  Collaborate  openly*  (or  find  a  very  wealthy  sponsor) 

•  Learn  from  history 


Four  years  later.... 


*when  you  can 
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